As one major unit of the North Qinling tectonic belt, and being located in the north side of the UHP belt between the Yangtze block and the North China block, the Erlangping Group has become one hot research spot because it still keeps records of both plate and inner-continent evolution histories. Three aspects of the Erlangping Group are reviewed. (1) Research history are concluded into three stages, including the determination of rock assemblages before the late 1980s, the regional metamorphism laws solution in the 1990s, and the formation time and tectonic background discussion in the 2000s. (2) Five major controversies and frontier scientific problems have been offered, such as, the deformation ages determination, the Cretaceous tectonic event definition, the determination of the deformation mechanisms and conditions, the kinematic and dynamic nature of the Zhuyangguan-Xiaguan shear zone, and the reconstruction of the evolution and exhumation history. (3) Structural framework of the Erlangping Group is divided into five parts according to our field and laboratory study, including the Erjingou slab, the Damiao-Wantan shear zone, the Huoshenmiao slab, the Xiaozhai-Erlangping shear zone, and the Baoshuping slab. Only the Xiaozhai-Erlangping shear zone has clear kinematic marks of left lateral slip.
Introduction
The Erlangping Group, neighbouring the Qinling Group to the south by the Zhuyangguan-Xiaguan boundary shear zone along where ultra high pressure metamorphic rocks were found near the Guanpo Town, and connecting with the Kuanping Group by the Waxuezi-Qiaoduan shear zone ( Figure 1 ). In recent years, with continuously enriched inner and regional related research achievements [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , the Erlangping Group is gradually becoming a hot research area.
Research History
Conclusions of research records of the Erlangping Group indicate one obvious tendency, that is, from the qualitative research of internal combination before 1980s, role of regional metamorphism and thermochronology in the 1990s, and to the time limit research of the construction and comprehensive study in the 21st century.
The Determination of the Rock Assemblage before the Late 1980s.
The cross-section from south to north of the Erlangping Group contains the Zimugou Formation, the Baoshuping Formation, the Xiaozhai Formation, the Huoshenmiao Formation, the Damiao Formation, and the Erjingou Formation. And it is a set of construction of a spilite keratophyre-sedimentary clastic flysch [21, 22] . During this period, the Erlangping Group was generally considered to be formed in the early Paleozoic according to Radiolarian fossils with the pre-Devonian Liospheridae gen. indet, Stylosphoeridae gen. indet in siliceous rock of the Erlangping Group and 391-467 Ma of K-Ar data of metavolcanic rocks below the flysch layer (formerly called the Waitoushan Formation) [14] . Zonation characteristics of metamorphism within the Erlangping Group were concluded by Liu [23] . Xu et al. [14] determine that sinistral movement occurred at places between Shang county and Guanpo town in the west section of the Zhuyangguan-Xiaguan, but they did not perform any deep research according to that book. L u o n a n -L u a n c h u a n S . Z .
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The Solution of Regional Metamorphism Laws in the 1990s
. During this period, some scholars still hold that the Erlangping Group was formed in the early Paleozoic [24] . However, Pei et al. [25] believed that the Erlangping Group should be formed in the late Paleozoic according to fossils they found. Liu et al. [26] reviewed the metamorphism of the Erlangping Group and found that the wall experienced meso to senior degree of metamorphism with zonation. Regional metamorphism was active in a period ranging from 121.5 to 111.2 Ma according to the metamorphic mineral 40 Ar/ 39 Ar research by Zhao et al. [27] , possibly indicating that during the Cretaceous era the whole Qinling orogen are still in its tectonic movement time. As a boundary shear zone of both the Qinling Group and the Erlangping Group, the Zhuyangguan-Xiaguan shear zone was initially emphasized and studied by Suo et al. [28] and Zhong et al. [29] , but not much work were carried out inside the Erlangping Group until the late 1990s. Sun et al. [30] reported some zircon U-Pb geochronological data indicating an early Ordovician intrusion event from the Xizhuanghe and Baihuling plutons inside the Erlangping Group. Li et al. [31, 32] considered the Erlangping hedge-type thrust and nappe structure eastern to Guanpo as the records of "bidirectional subduction" with meaning of one to the north subduction downward to the Kuanping ancient continent and another to the south downward to the Qinling ancient island arc. However, Wang et al. [33] believed that the total structure framework is like "a composite overturned fold system." The model presented by Wang et al. [33] addresses that the Taiping town principal anticline belt is the central core and that the system is flanked by the Damiao overturned syncline and Zhangjiadazhuang overturned syncline on the south and the Shihuiyao overturned syncline and Penglaojia overturned syncline on the north.
The Argument on Formation Time and Tectonic Background in the 2000s.
Since the 21st century, with the development of traditional paleontology and application of new dating technology, focus has been put on determining the formation age and background of the Erlangping Group, and some new academic clues have been obtained through synthesis research of tectonic-magmatic-regional metamorphism.
In general, we believe that the Erlangping Group was constructed in an era ranging from the late-early Paleozoic to the beginning of the late Paleozoic, possibly in Devonian. At the beginning, Zhang et al. [34] summarizes the formation age as ranging from the Late Paleozoic to the Indosinian epoch which could be proved by some Devonian fossils found near Wantan village [35] . However, a small-scale backarc spreading basin in the Early Paleozoic is also one possible explanation to the origination of the Erlangping Group by some scholars [36] .
In the aspect of structural geology research, definition of the southern boundary of Erlangping Group, however, obviously there are certain contradiction or disagreement with strike-slip structures found in Shangzhou City, Zhuyangguan-Xiaguan, and other places [14, 31, 32] . Zhang et al. [34] considered that the characteristics of the strike-slip structure in the whole Qinling orogenic belt is inconsecutive, penetrability, and small-scale distribution, and addressed a long-term active thrust system which extended from the north to the south as the southern boundary of the Erlangping Group.
Extensive research jobs have been performed on geochronology in subsequent years and are mostly focused on the intrusive rock bodies, which gradually deepened our understanding on the process of deformation and metamorphism within the Erlangping Group. According to results of Tian and Wei [9] , at least two major intrusive bodies in the area of the Erlangping Group, including the Banshanping and the Zhangjiazhuang, have been proved to be formed during the period from the Lower Silurian to the early-middle Devonian. The time of the island-arc accretion system in North Qinling appeared has been proven to be existed in the period from the Ordovician to the Carboniferous [5, 6, 37] . Some Paleozoic granite bodies were concluded to be occurred at the North Qinling by thorough analysis on the granite and magma time-space framework model [13] . Several stages, including plate subduction, collision, flower shape extrusion, and dextral strike-slip have been involved into the evolution of the Zhuyangguan-Xiaguan shear zone [13] . Biotite obtained from mylonite rocks near Matiwan village has 40 Ar/ 39 Ar dating results of 106 Ma [38] . Together with the 40 Ar/ 39 Ar data from the Xiaozhai village obtained by Zhao et al. [27] , it is reasonable to think of the early Cretaceous event as an exhumation process.
Major Controversies and Problems

To Determine Deformation Ages.
Although time problems of construction and transformation have been partly resolved by modern isotopic geochronology methods during the past two decades [7, 16, 27, [39] [40] [41] , it is still extremely difficult to explain chronological data of those geologic bodies that undergone deformation and metamorphism with multistages. To increase the data scale of the several dating methods has become more and more difficult to give an effective resolution of time problems of deformation and metamorphism. To clarify structural stages of deformation rocks is also seriously required before other chronological jobs.
To Define the Cretaceous Tectonic Event.
There is still a problem on how to explain the Cretaceous Ar-Ar chronological data obtained from the Erlangping Group. In our opinion, regional geologic characters and even some Cretaceous structures behaviors in eastern China should benefit to the solution of the problem.
Intracontinental deformation dynamics in central eastern China is a complex process in Cretaceous. Although thrust and nappe structures are very popular crust deformation styles in the region of the Qinling Mountains [34] , more obvious strike-slip structures are found to the northeast side of the Qinling Mountains and especially in the Taihang Mountains and Xuhuai region, for example, the TanchengLujiang fault [42, 43] . Much differently, to the eastern part of north China, the Liaodong Peninsular of northeast China or the southeast coastal area of China, both macroscale of local reduction of lithosphere [44] [45] [46] and regional extensional tectonics [47] [48] [49] [50] [51] [52] 
To Determine Deformation Mechanisms and Conditions.
Predecessors concluded some models, including the synclinorium model [33] and the subduction model [31, 32] from the internal framework and the boundary shear zones of the Erlangping Group. How to make the problem clear? According to thoughts of analytical tectonics [58] , to study parameter characteristics from aspects including geological geometry, kinematics, dynamics, and rheology and to perform comprehensive quantitative research on the whole tectonic block are essential to figure out the regional structural framework synthetically.
Since the 21st century, microtectonic methods become much popular [59] [60] [61] . More and more microscopic quantitative achievements make it possible to study flow mechanics and conditions of tectonites. Some quantitative techniques, including deformation thermometer, deformation stages, deformation dating within a micro area, kinematics of petrofabrics, and rheology have been achieving rapid development in recent years.
Deformation thermometer is a special technique used for deformational temperature testing of ductility deformation rocks. The major types include the crystal shape thermometer, for example, the recrystalline particles size thermometer [62] , and the crystallography thermometer, for example, quartz C axial fabric, and chemistry migratory thermometer, for example, TitaniQ thermometer [63, 64] . Fluid inclusions can also be used to define some conditions of deformation [65] [66] [67] . Methods of microchronological dating of deformed rocks have been applied into the orogenic belt [68, 69] . Petrofabrics and some flow laws (e.g., vorticity and strain rate) [70] of deformation belts can now be conveniently realized by EBSD (the electron backscattered diffraction) methods together with other traditional methods [71] [72] [73] [74] . 
To Define the Nature of the Zhuyangguan-Xiaguan Shear
Zone. Has the Zhuyangguan-Xiaguan shear zone experienced pure thrust [34] , left-lateral slip [14] , right-lateral slip [13] , or multistage activities [31, 32, 38] ? If it is a type of multistage, then whether it belongs to the same process of progressive deformation expression at different part or has experienced progressive overprinting at the same region.
To Reconstruct Evolution and Exhumation
History. Predecessors once hold that there is a central core of anticline in the Taiping town area which transformed the Erlangping Group [33] . But unfortunately, it is just located in the highest level in the mountains. Geologically, there are the Taipingzhen and the Laojunshan acidic intrusive plutons. If exhumation event happened several hundred million years ago, then the outcrop must be in a low valley at present time. Therefore, it is required to get information (e.g., fission track data and Ar-Ar data) from the surface of the earth, which is responding to the exhumation process.
Preliminary Research and Clues
Interior metamorphism and deformation zonation have been studied [23, 38] , reflecting macroscopic phenomena transformed by derived structure systems formed by different stages in activities of boundary shear zones of the Erlangping Group. The features of each slab and deformation zone are described from north to south as follows (Figures 1  and 2 ).
The North Weak Deformed Field (the Erjingou Slab).
Located between the Waxuezi-Qiaorui shear zone and the Damiao-Wantan shear zone, the overall rocks show features of senior metamorphic series and commonly expose migmatitic biotite plagioclase amphibolites gneiss and migmatitic amphibolite remained mass. The original rocks are mainly mafic and neutral types of volcanic rocks. Larger rock masses have been mapped out, such as the Caledonian Zhangjiazhuang (ZJZ), Yanshanian Tangping-Changtanhe (TPCT), Taipingzhen-Manziying (TPMZ), and Yanzhen (YZ).
The North Strong Deformed Zone (the Damiao-Wantan Shear Zone).
The Damiao-Wantan shear zone ranges from NWW280
• -SEE100
• strike to the east of Xiaozhai village, trends along the southern margin of the Yanzhen mass and the Tangping-Changtanhe mass, and goes to the DamiaoWantan area finally. In the west side of the Xiaozhai village, the shear zone comes together with the Xiaozhai-Erlangping shear zone, another inner strong deformation zone inside the Erlangping Group, which possibly lead to that the Huoshenmiao slab wedged out westward.
Fossil spores of the early-middle Devonian are located in Wantan area [35] , with several hundred meters distance south to the Damiao-Wantan shear zone, which is representing the formation state of the Erlangping Group.
Our initial study shows that it experienced at least two stages of transformation. In the traditional Damiao Group, there are mainly phyllonite rocks transformed by movements of the shear zone. The microstructure research from Wantan phyllonite shows significantly fine grained and foliation structures. Inside the foliation domain, the new sericite crystals are popularly born. We preliminarily presumed that the sericite foliation is a mark of rock suffered right-lateral strike-slip shear and is developed earlier than the macroscale duplex structure. In the Wantan area, the diamond blocks and high-angle south-dipped shear foliations are quite clear regionally, showing regional duplex structures with brittleductile deformation.
The Middle Weak Deformed Field (the Huoshenmiao Slab).
The Huoshenmiao slab is located between the Damiao-Wantan shear zone and the Xiaozhai-Erlangping shear zone. The main and widest part of it is the WantanErlangping area in the Xixia County of Henan Province. The slab shows an overall wedge geometry and wedges out to west of the Xiaozhai village. The exposed rocks consist of metamorphic mafic volcanic rocks and neutral volcanic rocks (spilite keratophyre). In some areas, primary structures such as pillow basalt, siliceous rocks, and clastic rocks were clearly identified. Gao et al. [35] reported the middle Devonian terrestrial plants Spores, a few suspected Acritarchs and very few Chitinozoa fossils. The slab was also intruded by the Caledonian neutral and acidic magmatic rocks, such as the Baihuling diorite mass (BHL) and the Xizhuanghe pale tonalite mass (XZH).
The South Strong Deformed Zone (the Xiaozhai-Erlangping Shear Zone).
The Xiaozhai Formation inside the Erlangping Group was transformed strongly by movement along the Xiaozhai-Erlangping shear zone. Some intrusion relationship marks between the Xiaozhai-Erlangping shear zone and the Erlangping coarse grain granite mass have been recorded according to regional geological survey [21] , and our initial study indicated that the rock body has a similar development time to the exhumation of the surrounding slabs. In the shear zone, tectonites were named as sericite schists or two mica schists and observed with left-lateral ductile shear marks. Microscale foliations with biotite enrichment (C) were observed intersecting new muscovite-rich foliations (C ) at a very low angle, and coming together into a type of C-C stretching structure. Occurrence of shear foliations is almost upright, indicating a character of stretch leftlateral strike-slip movement. New muscovite crystals mainly developed in the mica mineral crenulation cleavages, which is possibly caused by local shear heat and related fluid flows.
The South Weak Deformed Field (the Baoshuping Slab).
The Baoshuping slab is located between the XiaozhaiErlangping and the Zhuyangguan-Xiaguan shear zones. The slab has been geologically transformed by low-pressure and middle-temperature metamorphism [8, 75] . Generally, exposed rocks of the slab can be titled as biotite schists mingled with some amphibolite stripes. But near boundary shear zones of the slab, two mica schists appear more with muscovite content increasing toward outer the slab and especially to the south direction, the Zhuyangguan-Xiaguan shear zone. Protolith of the Baoshuping slab probably includes alkali and tholiitic basaltic series, which possibly experienced two periods of regional metamorphism [8, 75] . The Yanshanian acid magmatism develops well inside the Baoshuping slab, such as the Gutouya (GTY) and Erlangping (ELP) monzonitic granite masses.
Conclusions
According to reviews of literatures about North Qinling Erlangping Group and combining our preliminary jobs, some scientific problems, which will be very important to our correct understanding of the Erlangping thermal evolution and even contribute to the regional tectonic evolution, have been concluded as follows:
(1) Composition, banded structure and relationships between the cell structures of the Erlangping Group.
(2) Growth rules of both boundary and internal faults of the Erlangping Group, and their genetic relationship with tectonic evolution of the Erlangping Group.
(3) Magmatic activity within the Erlangping Group and its relationship with regional tectonic evolution.
(4) Thermal-dynamic evolution and exhumation history of the Erlangping Group.
